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Abstract
In 1999, the U.S. Environmental Protection Agency began a program to protect the quality of ground water in areas other than ground-water protection areas. These other sensitive ground water areas (OSGWA) are areas that are not currently, but could eventually be, used as a source of drinking water. The OSGWA program specifically addresses existing wells that are used for underground injection of motor-vehicle waste. To help determine whether a well is in an OSGWA, the Nevada Division of Environmental Protection needs statewide information on depth to water and the water table, which partly control the susceptibility of ground water to contamination and contaminant transport. This report describes a study that used available maps and data to create statewide maps of water-table and depth-to-water contours and surfaces, assessed temporal changes in water-table levels, and characterized water-table gradients in selected areas of Nevada.
A literature search of published water-table and depthto-water contours produced maps of varying detail and scope in 104 reports published from 1948 to 2004. Where multiple maps covered the same area, criteria were used to select the most recent, detailed maps that covered the largest area and had plotted control points. These selection criteria resulted in water-table and depth-to-water contours that are based on data collected from 1947 to 2004 being selected from 39 reports. If not already available digitally, contours and control points were digitized from selected maps, entered into a geographic information system, and combined to make a statewide map of water-table contours. Water-table surfaces were made by using inverse-distance weighting to estimate the water table between contours and then gridding the estimates. Depth-to-water surfaces were made by subtracting the water-table altitude from the land-surface altitude.
Water-table and depth-to-water surfaces were made for only 21 percent of Nevada because of a lack of information for 49 of 232 basins and for most consolidated-rock hydrogeologic units. Depth to water is commonly less than 50 feet beneath valley floors, 50 to 500 feet beneath alluvial fans, and more than 500 feet in some areas such as north-central and southern Nevada. In areas without water-table information, greasewood and mapped ground-water discharge areas are good indicators of depth to water less than 100 feet. The average difference between measured depth to water and depth to water estimated from surfaces was 90 feet. More recent and detailed information may be needed than that presented in this report to evaluate a specific site.
Temporal changes in water-table levels were evaluated for 1,981 wells with 10 or more years between the first depth-to-water measurement and last measurement made since 1990. The greatest increases in depth to water occurred where the first measurement was less than 200 feet, where the time between first and last measurements was 40 years or less, and for wells between 100 and 600 feet deep. These characteristics describe production wells where ground water is fairly shallow in recently developing areas such as the Las Vegas and Reno metropolitan areas. In basins with little pumping, 90 percent of the changes during the past 100 years are within ±20 feet, which is about the natural variation in the water table due to changes in the climate and recharge.
Gradients in unconsolidated sediments of the Great Basin are generally steep near mountain fronts, shallow beneath valley floors, and depend on variables such as the horizontal hydraulic conductivity of adjacent consolidated rocks and recharge. Gradients beneath alluvial fans and valley floors at 58 sites were correlated with selected variables to identify those variables that are statistically related. Water-table measurements at three sites were used to characterize the water table between the valley floor and consolidated rock.
Water-table gradients beneath alluvial fans had a median of 0.02, a mean of 0.04, and a standard deviation of 0.05. Gradients beneath valley floors had a median of 0.005, a mean of 0.03, and a standard deviation of 0.07. Information from this and other reports suggest that the average linear velocity of ground water is roughly 10 times faster beneath alluvial fans than beneath valley floors. Contaminants may travel about 10 times faster beneath alluvial fans than beneath valley floors, depending on the physical and chemical properties of the aquifer material and contaminant.
Gradients in unconsolidated sediments adjacent to different consolidated rocks differed significantly (p-value less than or equal to 0.05), which could be related to the horizontal hydraulic conductivity of the consolidated rocks and the sediments derived from them. Spearman rank correlations were statistically significant between gradients and the horizontal hydraulic conductivity of adjacent consolidated-rock hydrogeologic units (-0.30) , precipitation up-gradient of the site (0.32), distance to the alluvial-fan contact (-0.31) , and distance to the consolidated-rock contact (-0.41) . These relations are consistent with the general description of the water table along mountain fronts and with precipitation being the driving force for gradients. Table Levels Recent (2000 Recent ( -2004 water tables at Pine Nut Creek and Vicee Canyon are similar and are not parallel with land-surface altitude, suggesting that pumping has changed the linear relation. At Vicee Canyon, pumping has reversed the gradient so that ground water flows from the valley floor toward the mountain front. The non-linear relation would depend on the amount of pumpage, making it difficult to estimate watertable levels in developed areas. This study used existing data to characterize gradients. A study specifically designed to characterize gradients may result in stronger correlations that could be used to estimate gradients and the water table where few data exist.
Water-

Introduction
In 1999, the U.S. Environmental Protection Agency began a program to protect the quality of ground water in areas other than ground-water protection areas (U.S. Environmental Protection Agency, 2000). Ground-water protection areas surrounding currently used production wells, are protected under the wellhead and source-water protection programs, and constitute a small percentage of Nevada. Other sensitive groundwater areas (OSGWA) are large areas that are not currently, but could eventually be, used as a source of drinking water and are protected under the OSGWA program. OSGWAs do not include areas that could not be used as a source of drinking water, such as saline ground water near playas. The OSGWA program specifically addresses existing wells that are used for underground injection of motor vehicle waste; new injection wells are banned. If an injection well is in a ground-water protection area or an OSGWA, well owners must either close the well or apply for a permit. A permit is granted only if the injectate fluids meet drinking-water standards.
Nevada is a large, rural, and hydrologically complex state that lies almost entirely within the Great Basin physiographic province ( fig. 1 ). Sparse data throughout much of Nevada makes it difficult to determine which aquifers could be sensitive to contamination. Rather than designate specific areas as an OSGWA, the Nevada Division of Environmental Protection (NDEP) will evaluate site-specific information associated with the permit application and determine if the aquifer at the site is sensitive (Nevada Division of Environmental Protection, 2003). To evaluate permit applications, NDEP needs statewide information on depth to water, altitude of the water table, and other variables that control the susceptibility of ground water to contamination and contaminant transport. The greater the depth to water, the greater the probability that contaminants will degrade or sorb to sediments before reaching ground water, which makes shallow aquifers generally more sensitive to contamination than deep aquifers. If the contaminant reaches ground water, water-table altitude is needed to determine the direction and rate of ground-water flow and to identify water supplies that could be affected.
The U.S. Geological Survey (USGS), in cooperation with NDEP, started a study in 2001 to compile information on variables that could control aquifer susceptibility and vulnerability and to estimate the potential for ground-water degradation from anthropogenic contamination. As part of the study, the USGS used available, published water-table and depth-towater contours and other data to determine statewide watertable levels and water-table gradients. This report presents the water-table levels and gradients and is one of four reports from this study. Maurer and others (2004) describe the hydrogeology of Nevada and areas with similar horizontal hydraulic conductivity, soil permeability, precipitation, slope, and aspect. 
Purpose and Scope
The purpose of this report is to present (1) statewide maps of water-table contours and water-table and depth-towater surfaces, and (2) water-table gradients determined from water-level measurements. The report includes an assessment of temporal changes in water-table levels, an assessment of the variables that affect gradients in unconsolidated sediments, and general estimates of ground-water velocity. Published maps and data from 1947-2004 were used in the study. Potentiometric surfaces of confined aquifers were not included.
Methods
Water-table and depth-to-water contours were compiled from published reports and were used to make digital surfaces of interpolated water- Hydrographic areas were delineated by Cardinalli and others, 1968, and Rush, 1968 Warm Springs V.
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Figure 1.
Hydrographic areas and locations of wells used to evaluate the accuracy of depth-to-water surfaces in Nevada-Continued.
statistical techniques (Helsel and Hirsch, 1992) . Statistical results were considered significant at a p-value of less than or equal to 0.05.
Water-Table and Depth-to-Water Contours
A literature search of published water-table and depthto-water contours for Nevada produced 104 reports with maps of varying detail and scope published from 1948 to 2004 (appendix 1). Twenty-eight maps had depth-to-water contours and 90 maps had water-table contours. Two maps cover most of Nevada (Rush, 1974; Bedinger and others, 1984) . However, these maps lack detail and were used only if no other information was available.
Each map was reviewed to determine which hydrographic areas (HAs) were covered. Cardinalli and others (1968) and Rush (1968) If multiple maps covered the same HA, a scoring system was used to determine which map to use in the study (table 1) . The scoring system was designed such that the highest scores were for the most recent, most detailed maps that covered the largest area and had plotted control points. The score for each map was the sum of points for each of four criteria: percentage of hydrographic area contoured, contour interval, date of water-level measurements, and plotting of control points. Maps with the highest score were chosen for this study. Plotted control points had less weight than other criteria and were not a deciding factor because about 85 percent of the maps had plotted points. In cases where multiple maps had the same score, maps that covered multiple HAs were chosen so that contours would be consistent over as large an area as possible. Through this process, water-table contours were selected from 38 of the reports and were based on data collected from 1947 to 2004 (appendix 1). The only contours available for Honey Lake Valley (HA 97) are simulated water-table contours (Handman and others, 1990) . Contours were simulated with a computer model that was calibrated to within 5 ft of the measured water-table level. Depth-to-water contours from Rush (1974) were used to estimate the water table in some HAs, such as the Carson Desert (HA 101).
If not already available digitally, contours and control points were digitized from selected maps, entered into a geographic information system (GIS), and combined with available digital contours and points to make a statewide map of water-table contours (plate 1; data can be accessed at http: // water.usgs.gov/lookup/getspatial?sir2006-5100_wanv_l) . For areas with sparse or no published contours, point measurements were retrieved from the USGS National Water Information System (NWIS) database and were plotted.
Water levels measured during spring 1996 were used to make water- 
Water-Table and Depth-to-Water Surfaces
Detailed procedures of making water-table and depth-towater surfaces are described by data can be accessed at http: // water.usgs.gov/lookup/getspatial?sir2006-5100_dtwnv_g and http://water.usgs.gov/lookup/getspatial?sir2006-5100_wanv_ g. Briefly, the water table between contours was estimated using inverse-distance weighting. Interpolated estimates were then converted into a gridded surface of 1,000-ft cells. A boundary was drawn around contours to limit the extent of interpolation. Where the hydrogeology, water-table contours, and literature indicated a continuous aquifer system, the boundary was drawn around contours of contiguous HAs to make a single surface. Gradational color shading of the range in water-table altitude was used to show the general direction of ground-water flow (plate 2). The same procedure was used to make a gridded surface of depth to water in HAs for which Rush (1974, data Most depth-to-water surfaces were estimated by subtracting the water-table altitude from the National Elevation Dataset (NED; U.S. Geological Survey, 2002) for each cell of the water-table surface (plate 3). For HAs for which Rush (1974) was the only information available, water-table surfaces were estimated by subtracting depth to water from the NED. Depth to water was assumed to be one foot where the difference between the water table and NED resulted in a negative value, which would indicate a water table above land surface. The NED is a digital-raster altitude dataset based primarily on USGS 7.5-minute digital elevation models (DEM). The vertical accuracy depends on the original source DEM, but is about 23 to 49 ft (7 to 15 m; U.S. Geological Survey, 2004). Water-resources agencies and well drillers often want to know the depth to water for a specific area. Thus, depth-to-water surfaces were shown as discrete intervals of color shading rather than gradational color shading.
The accuracy of the method used to estimate depthto-water surfaces described above was evaluated in Mason Valley (HA 108; Huxel and Harris, 1969) and Carson Valley (HA 105; Berger and Medina, 1999) , which had both depthto-water and water-table contours. For each valley, gridded depth-to-water surfaces were made from depth-to-water contours and from water-table contours. Differences in depth to water between the two surfaces were calculated for each cell in the grid. The root mean square of differences between the cells was 20 ft (6 m) for Mason Valley and 15 ft (4.5 m) for Carson Valley. A paired t-test (Helsel and Hirsch, 1992 ) was used to determine if depth-to-water surfaces made from watertable contours are different than surfaces made from published depth-to-water contours. The paired t-test indicated that the two depth-to-water surfaces are significantly different for both valleys (p-value <0.01; fig. 3 ), but there was no consistent bias. Depth to water estimated from water-table contours was higher than that estimated from depth-to-water contours in Carson Valley and lower in Mason Valley. The largest differences between the surfaces occur near the edges of the valleys, where land-surface altitude changes abruptly. Although there are differences, the procedure produces reasonable estimates of depth to water from water-table contours.
Water-Table Gradients
The water-table gradient is the slope of the water table and is calculated as the difference in water-table altitude between two points, divided by the distance between the points. Gradients can be estimated from water-table contours (pl. 1) or from water levels measured in two wells screened in the same aquifer. Gradients are necessary to estimate groundwater flow and contaminant transport. The average linear velocity of ground water (q x ) can be estimated using Darcy's Law (equation 1), where K is horizontal hydraulic conductivity, i is gradient, and n is effective porosity (Freeze and Cherry, 1979) :
(1)
The size of the circles is proportional to the number of occurrences at that difference Differences in depth to water estimated from depth-to-water surface and water-table surfaces versus depth to water estimated from depth-to-water surfaces.
Effective porosity is the interconnected pore volume that contributes to fluid flow. Effective porosity is less than total porosity because it excludes isolated pores. The rate of contaminant transport is estimated by multiplying the average linear velocity by the retardation factor, which depends on the physical and chemical properties of the aquifer material and contaminant (Freeze and Cherry, 1979) .
Gradients in unconsolidated sediments of the Great Basin are generally steep near mountain fronts and shallow beneath valley floors (Eakin and others, 1976; Maurer and others, 2004) . Variables that could affect gradients in unconsolidated sediments include the source rock and texture of unconsolidated sediments, the amount of recharge and distance from recharge areas, and other variables such as the horizontal hydraulic conductivity of adjacent consolidated rocks. For example, intrusive rocks have a lower horizontal hydraulic conductivity than carbonate rocks and unconsolidated sediments (Maurer and others, 2004) . Precipitation could be the same on two mountains, one composed of intrusive rocks and the other composed of carbonate rocks, but gradients in the unconsolidated sediments could be steeper near the intrusive rocks than near the carbonate rocks because of the large contrast in horizontal hydraulic conductivity.
The water table, between the valley floor and consolidated rock, and the variables that could affect the water table has not been well characterized. To identify which variables are most important, the gradient between 58 pairs of wells was correlated with the distance to the alluvial-fan contact, the distance to and horizontal hydraulic conductivity of the adjacent consolidated-rock hydrogeologic unit (Maurer and others, 2004) , and precipitation upgradient of the site (Oregon Climate Service, 1997) (figs. 4, 5; table 2). This is a reconnaissance-level characterization of gradients because existing data were used in the analysis. Data in the USGS National Water Information System (NWIS) and either water-table contours or topography were used to select well pairs at the 58 sites that are roughly aligned along ground-water flow directions. However, the wells are at different depths and water levels were measured at different times. The drainage area upgradient of a site could not easily be determined, so it was approximated by a 1-mi-wide area between the site and the HA boundary.
Sixteen of the 58 well pairs are in alluvial fans and 42 are in valley floors, and well pairs are adjacent to most types of consolidated-rock hydrogeologic units in Nevada. Consolidated-rock hydrogeologic units associated with gradients were described by Maurer and others (2004) . The two major hydrogeologic units in Nevada are consolidated rocks and unconsolidated sediments, which have different hydrologic properties. Consolidated rocks were subdivided into eight hydrogeologic units. In order of decreasing area covering Nevada, consolidated-rock hydrogeologic units consist of Quaternary to Tertiary age volcanic flows of (1) basaltic; (2) rhyolitic; and (3) andesitic composition; (4) volcanic breccias, tuffs, and volcanic rocks older than Tertiary age; (5) carbonate rocks; (6) Tertiary-age consolidated and semi-consolidated tuffaceous rocks and sediments; (7) 
Water-Table Levels
Water-table and depth-to-water surfaces were made for only 21 percent of Nevada because of a lack of information for 49 of 232 HAs and for most consolidated-rock hydrogeologic units (plates 2 and 3). The surfaces represent water- The accuracy of the surfaces was evaluated by comparing depth to water measured at 682 wells from January 2000 to March 2004 with depth to water estimated from depth-towater surfaces (figs. 1 and 6). The root mean square of differences between measured and estimated depth to water was 90 ft. To evaluate a specific site, more recent and detailed data may be needed. A paired t-test indicated no significant difference between measured and estimated depth to water (p-value 0.40), thus depth-to-water surfaces do not over-or under-estimate depth to water. The large differences between measured and estimated depth to water could be due to the error of the NED, temporal changes in depth to water due to natural variations and pumping, incorrectly extrapolating contours, or a combination of these explanations. For example, some water- Sites where water-table gradients were characterized. Depth to water is commonly less than 50 ft beneath valley floors, 50 to 500 ft beneath alluvial fans, and greater than 500 ft in a few areas, such as north-central and southern Nevada (plate 3). Depth to water in unconsolidated sediments could be related to recharge, the proximity to and horizontal hydraulic conductivity of nearby consolidated rock, the amount and proximity of pumping, and whether the basin is hydraulically open or closed (Maurer and others, 2004, fig. 1 ).
Greasewood is a phreatophyte and a good indicator of a shallow water table. Greasewood, mapped by the Gap Analysis Program (GAP; Edwards and others, 1996) , is the predominant species over 3,700 mi 2 of Nevada ( fig. 7) . However, greasewood also occurs in areas where it is not the predominant species. About 80 percent of the greasewood grows in areas where depth-to-water surfaces were made. In these areas, 81 percent of the greasewood is where depth to water is less than 50 ft, 10 percent is where depth to water is 50 to 100 ft, and 9 percent is where depth to water is greater than 100 ft it is unlikely that greasewood could grow where depth to water is greater than 50 ft, unless the roots are tapping into perched aquifers, which do not represent the regional water table. Greasewood growing where depth to water is greater than 50 ft also could reflect differences in resolution between GAP and the depth-to-water surfaces. In general, the presence of greasewood in figure 7 in areas for which no surface has been made indicates areas where the water table has not been mapped and where depth to water likely is less than 50 ft.
Ground-water discharge areas are areas where shallow ground water evaporates from the soil and is transpired by vegetation (Harrill and others, 1988) . Ground-water discharge areas cover about 11,000 mi 2 , about 10 percent of Nevada ( fig. 8) . However, only about 50 percent of the greasewood is within ground-water discharge areas, indicating that some ground-water discharge areas have not been mapped ( fig. 8 ; Edwards and others, 1996) . The largest areas of greasewood outside ground-water discharge areas are in the Black Rock Desert (HA 28) and Desert Valley (HA 31). Where water-table surfaces overlap ground-water discharge areas, depth to water is generally less than 100 ft. Discharge areas that do not overlap a surface indicate areas where the water table has not been mapped and where depth to water is less than 100 ft.
Temporal changes in water-table levels were evaluated for 1,981 wells with 10 years or more between the first and last depth-to-water measurements made since 1990. Temporal changes were calculated by subtracting the last depth-to-water measurement from the first measurement. Positive values of temporal change indicate the water table has dropped and negative values indicate the water table has risen. Temporal changes were related to well depth, number of years between measurements, and the first depth-to-water measurement ( fig.  9 ). The time between measurements ranged from 10 to 102 years, with a mean of 27 years. Four wells in southern Nevada had depth to water that changed by more than ±400 ft. These four wells, not plotted in figure 9 , are in Kawich Valley (HA 157; 738 ft), Yucca Flat (HA 159; 836 ft), Gold Flat (HA 147; -863 ft), and Hot Creek (HA 156; -1,592 ft) .
A paired t-test between first and last depth-to-water measurements indicated that the measurements are significantly different (p-value <0.01). Depth to water has increased by an average of 5 ft. The greatest increases in depth to water occurred where the first measurement was less than 200 ft, where the time between first and last measurements was 40 years or less, and for wells 100 ft to 600 ft deep ( fig. 9 ). These characteristics describe production wells where the water table is fairly shallow in recently developing areas such as the Las Vegas and Reno metropolitan areas. The water table has changed little in wells that are less than 100 ft or greater than 1,000 ft deep or with more than 60 years between the first and last measurements. Many of these wells are in basins with little development.
The largest increases in depth to water occurred in the Middle Reese River Valley (HA 58), Eagle Valley (HA 104), Smith Valley (HA 107), Mason Valley (HA 108), Yucca Flat (HA 159), and Las Vegas Valley (HA 212; fig. 10 ). Except for Yucca Flat, these HAs are areas where large amounts of ground water have been pumped for agricultural irrigation and municipal supply (Lopes and Evetts, 2004) . Natural variations in water-table levels due to climate and recharge were determined using 444 measurements in HAs where pumpage during 2000 was 10 percent or less of the average annual natural recharge (Lopes and Evetts, 2004) . These HAs include 2-8, 10-21, 23, 25-28, 34-44, 46, 47, 50, 53, 55, 62, 63, 68, 79-82, 94, 95, 96, 98, 99, 106, 109, 111-116, 118-121, 124, 125, 127, 130, 131, 132, 134-136, 138-141, 144, 145, 147, 148, 150, 151, 152, 155, 157, 158, 161, 168, 169, 171-176, 178-182, 184, 185, 186, 188, 189, 190, 192-197, 200, 201, 204-208, 210, 211, 217, 221, 227, 231, and 232 . The change in depth to water in these HAs is normally distributed, with a mean of -1 ft and a standard deviation of 30 ft. A two-sided t-test indicated that the mean is not significantly different than zero (p-value = 0.6). Ninety percent of the changes are within ±20 ft, which is about the natural fluctuation in the water table.
Water-Table Gradients
Water-table gradients were characterized between pairs of wells at 58 sites in Nevada. The 16 gradients measured beneath alluvial fans ranged from 0.0003 to 0.2 and had a median of 0.02, a mean of 0.04, and a standard deviation of 0.05. The 42 gradients measured beneath valley floors ranged from 0.0002 to 0.3 and had a median of 0.005, a mean of 0.03, and a standard deviation of 0.07. In comparison, previ- Ground-water discharge areas from Harril and others, 1988 Areas of predominantly greasewood from Edwards and others, 1996 Figure .
Ground-water discharge areas, areas of predominantly greasewood, and depth-to-water less than 100 feet.
Differences are for wells with at least 10 years between measurements
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-100 100 300 500 700 900 1,100 1,300 1,500 1,700 1,900 2,100 2,300 2,500 Differences between last and first depth-to-water measurements versus A, well depth, B, years between measurements, and C, first depth-to-water measurement.
ous studies in Nevada measured gradients beneath alluvial fans that range from 0.005 to 0.02 and beneath valley floors from 6 x 10 -7 to 0.002 (Handman and Kilroy, 1997, p. 61; Harrill and Preissler, 1994, p. 10; Maurer, 1986, p. 17; Prudic and Herman, 1996, p. 16; Thomas and others, 1989, pl. 2) . Gradients between 26 wells in basin fill and consolidated rock and the lake-surface altitude of Lake Tahoe ranged from 0.001 to 0.120 and had a median of 0.02, a mean of 0.02, and a standard deviation of 0.03 (Thodal, 1997, p. 24) .
Gradients from this study, horizontal hydraulic conductivity from Maurer and others (2004) , effective porosity, and equation 1 can be used to estimate ground-water velocities in Nevada. Effective porosity is closely approximated by specific yield, which is a more commonly measured variable. Specific yield is the fraction of the saturated aquifer that drains by gravity when the water table drops. Effective porosity and specific yield exclude isolated pores and water that is too strongly adsorbed to clay and other particles to drain. Porosity and specific yield depend on variables such as particle size, degree of sorting, and depth Johnson, 1967) . Basins that have large, flow-through rivers tend to have well-sorted sediments and higher specific yields than other basins. For example, the median specific yield of Carson Valley is 21 percent, compared to 10 to 14 percent for Paradise Valley, Smith Creek Valley, and Stagecoach Valley (Harrill and Prudic, 1998, table 7) .
Alluvial fans have a median gradient of 0.02 and a mean horizontal hydraulic conductivity of about 70 ft/d and valley floors have a median gradient of 0.005 and a mean horizontal hydraulic conductivity of about 45 ft/d (Maurer and others, 2004, table 2 ). An effective porosity of 0.12 was used for alluvial fans and 0.2 for well-sorted sand and gravel in valley floors. Using these values in equation 1, the average linear velocity of ground water beneath alluvial fans is about 14 ft/d, compared to about 1 ft/d beneath valley floors. This indicates that contaminants travel roughly 10 times faster beneath alluvial fans than beneath valley floors, depending on the physical and chemical properties of the aquifer material and the contaminant.
Like the t-test, the two-sided Wilcoxon rank-sum test compares differences between two populations, but the Wilcoxon rank-sum test is more appropriate for small sample sizes. The Wilcoxon rank-sum test indicated that gradients beneath alluvial fans are significantly larger (p-value = 0.01) than gradients beneath valley floors, even though the largest gradients were measured beneath valley floors ( fig. 11A ). This finding is consistent with the general description of the water table in Nevada. The large gradients measured in the valley floor could be due to error in location of the wells, the alluvial fan-valley floor contact, well altitude, or other reasons.
The Kruskal-Wallis rank test compares differences among more than two populations. This test indicated significant differences (p-value = 0.01) among gradients adjacent to different consolidated rocks ( fig. 11B ). These differences could be related to the horizontal hydraulic conductivity of the consolidated rocks and the sediments derived from them. The Spearman rank correlation is used to determine if a general but not necessarily linear relation exists between correlated variables. The Spearman rank correlation between the gradient and horizontal hydraulic conductivity of the consolidated rock was -0.30 (p-value = 0.02; fig. 12A ). The inverse correlation makes hydrologic sense if gradients in unconsolidated sediments are related to the horizontal hydraulic conductivity of adjacent consolidated rocks.
Spearman rank correlations were statistically significant between gradients and precipitation upgradient of the site (0.32; fig. 12B ), distance to the alluvial-fan contact (-0.31), and distance to the consolidated-rock contact (-0.41; fig.  12C ). Although weak, these correlations also make physical sense. Decreasing gradients with increasing distance from the mountain front is consistent with the general description of the water table along mountain fronts (Eakin and others, 1976; Maurer and others, 2004) and with precipitation upgradient of a site being the driving force for gradients.
Prior to pumping, the water tables in Vicee and Kyle Canyons had similar shapes and were nearly parallel to land-surface altitudes ( fig. 13 ). Linear regression of watertable altitude with land-surface altitude from both sites had a significant (p-value <0.01) slope of 0.89 and an r-squared of 0.97. This relation supports using linear interpolation of watertable contours. If this relation is valid for other hydrogeologic settings, then the water table could be estimated from a few measurements in a basin. Differences between last and first depth-to-water measurements grouped by hydrographic-area number. The recent (2000) (2001) (2002) (2003) (2004) water tables at Pine Nut Creek and Vicee Canyon are similar and are not parallel to landsurface altitudes. At Pine Nut Creek, the water table is fairly flat to about one mile into the alluvial fan and then changes abruptly near the consolidated-rock contact, which is similar to the recent water table at Vicee Canyon. This similarity could be due to pumping in the alluvial fan that has lowered the water table or Pine Nut Creek has unique hydrogeologic characteristics. Production wells at Vicee Canyon have had a large effect on the water table. Recent measurements indicate that the gradient has reversed, with flow from the valley floor toward the consolidated rock. The lowest water-table altitude is at mile 1.27, between the production well drilled in 1972 and the consolidated-rock contact ( fig. 13) , which is consistent with pumpage near a low-flow boundary. The non-linear relation at Vicee Canyon likely depends on the amount of pumpage, which would make it difficult to estimate the water table at developed sites. This study used existing data to characterize gradients. A study specifically designed to characterize gradients may result in stronger correlations that could be used to estimate gradients and the water table where few data exist.
Summary
In 1999, the U.S. Environmental Protection Agency started a program to protect the quality of ground water in areas other than ground-water protection areas. OSGWAs are areas that are not currently, but could eventually be, used as a source of drinking water. The OSGWA program specifically addresses existing wells that are used for underground injection of motor vehicle waste. If an injection well is in a ground-water protection area or an OSGWA, well owners must either close the well or apply for a permit. NDEP will evaluate site-specific information associated with the permit application and determine if the aquifer at the site is sensitive, rather than designate specific areas as OSGWAs. To evaluate permit applications, NDEP needs statewide information on depth to water and the water table, which partly control the susceptibility of ground water to contamination and contaminant transport. In a cooperative study with NDEP, the USGS used published maps and data to make statewide maps of water -table levels and  characterize water-table gradients. A literature search of published water-table and depthto-water contours produced maps of varying detail and scope in 104 reports published from 1948 to 2004. Twenty-eight maps had depth-to-water contours and 90 maps had watertable contours. The most recent, detailed maps that covered the largest area and had plotted control points were chosen for this study. Where multiple maps covered the same HA, the map that covered multiple HAs was chosen. These selection criteria resulted in water-table and depth-to-water contours that are based on data collected from 1947 to 2004 being selected from 39 reports. If not already available digitally, contours and control points were digitized from selected maps, entered into a GIS, and combined to make a statewide map of water-table contours. Water-table surfaces were made by using inverse-distance weighting to estimate the water table between contours and gridding the estimates. Depth-to-water surfaces were made by subtracting water-table altitude from land-surface altitude.
Water-table and depth-to-water surfaces were made for only 21 percent of Nevada due to a lack of information for 49 of 232 HAs and in most consolidated-rock hydrogeologic units. Depth to water is commonly less than 50 feet beneath valley floors, 50 to 500 feet beneath alluvial fans, and greater than 500 feet in some areas such as north-central and southern Nevada. In areas without water-table information, greasewood and mapped ground-water discharge areas are good indicators of depth to water that is less than 100 feet. The accuracy of the surfaces was evaluated by comparing depth to water measured at 682 wells with depth to water estimated from depth-towater surfaces. The average difference between measured and estimated depth to water was 90 feet. To evaluate a specific site, more recent and detailed data may be needed.
The greatest increases in depth to water occurred where the first measurement was less than 200 feet, where the time between first and last measurements was 40 years or less, and for wells 100 feet to 600 feet deep. These characteristics describe production wells where ground water is fairly shallow Water-table gradients in unconsolidated sediments versus A, horizontal hydraulic conductivity of adjacent consolidated hydrogeologic unit, B, upgradient precipitation, and C, distance to consolidated-rock contact.
Ground-water levels measured on multiple dates were used to approximate the initial ground-water altitude surface. Lines were fit using kernel smoothing in recently developing areas such as the Las Vegas and Reno metropolitan areas. In basins with little pumping, 90 percent of the changes during the past 100 years are within ±20 feet, which is about the natural variation to expect in the water table due to changes in the climate and recharge.
Gradients in unconsolidated sediments of the Great Basin are generally steep near mountain fronts and shallow beneath valley floors. Variables that could affect gradients in unconsolidated sediments include the source rock and texture of unconsolidated sediments, amount of recharge and distance from recharge areas, and other variables such as the horizontal hydraulic conductivity of adjacent consolidated rocks. To identify important variables, gradients beneath alluvial fans and valley floors at 58 sites were correlated with the distance to the alluvial-fan contact, distance to and horizontal hydraulic conductivity of the adjacent consolidated hydrogeologic unit, and precipitation upgradient of the sites. In addition, water-level measurements were used to characterize the water table between the valley floor and consolidated rock at Vicee Canyon in Eagle Valley, Pine Nut Creek in Carson Valley, and Kyle Canyon in Las Vegas Valley.
Water-table gradients beneath alluvial fans ranged from 0.0003 to 0.2 and had a median of 0.02, a mean of 0.04, and a standard deviation of 0.05. Gradients beneath valley floors ranged from 0.0002 to 0.3 and had a median of 0.005, a mean of 0.03, and a standard deviation of 0.07. Information from this and other reports suggest that the average linear velocity of ground water is roughly 10 times faster beneath alluvial fans than beneath valley floors. Contaminants may travel about 10 times faster beneath alluvial fans than beneath valley floors, depending on the physical and chemical properties of the aquifer material and contaminant.
Gradients associated with different types of consolidated rocks are significantly different, which could be related to the horizontal hydraulic conductivity of the consolidated rocks and the sediments derived from them. Spearman rank correlations were statistically significant between gradients and the horizontal hydraulic conductivity of adjacent consolidatedrock hydrogeologic units (-0.30) , precipitation upgradient of the site (0.32), distance to the alluvial-fan contact (-0.31), and distance to the consolidated-rock contact (-0.41). These relations are consistent with the general description of the water table along mountain fronts and with precipitation being the driving force for gradients.
Before large pumping in Vicee and Kyle Canyons, the water tables in both areas were similar and were nearly parallel to land-surface altitude. Linear regression of water-table altitude with land-surface altitude from both sites had a slope of 0.89 and an r-squared of 0.97. If this relation is valid for other hydrogeologic settings, then the water table could be estimated from a few measurements in a basin. The recent water tables at both Pine Nut Creek and Vicee Canyon were not parallel with land-surface altitude. This similarity could be due to pumpage in the alluvial fan that has lowered the water table or Pine Nut Creek has unique hydrogeologic characteristics. Production wells in Vicee Canyon have reversed the gradient and caused ground water to flow from the valley floor toward the consolidated rock. The non-linear relation at Vicee Canyon likely depends on the amount of pumpage, which would make it difficult to estimate water-table levels at developed sites. This study used existing data to characterize gradients. A study specifically designed to characterize gradients may result in stronger correlations that could be used to estimate gradients and the water table where few data exist. 
